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(S) Image display system with pixel mosaic pattern. 

(5?) The apparatus resolution of an image dis- 
played on an image display system is increased 
without increasing the number of actual pixels 
which are arranged in horizontal rows and verti- 
cal columns and selectively energizable to dis- 
play an image composed of a plurality of pixel 
patterns in alternate fields. An optical path 
changer is positioned between the image dis- 
play system and a viewer or screen for shifting 
an optical path therebetween to optically shift a 
pixel pattern. The optical path changer is oper- 
ated to shift the optical path, and the pixel 
pattern to be optically shifted is displayed on 
the image display system in every field in 
synchronism with the shifting of the optical 
path by the optical path changer. 
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The present invention relates to an image display 
system such as a liquid crystal display (LCD) system 
for displaying image information with a three- 
dimensional matrix of pixels arranged in horizontal 
rows and vertical columns, and more particularly to 5 
a method of and an apparatus for increasing the ap- 
parent number of pixels to improve the resolution of 
displayed images in such an image display system, 
and an imaging apparatus which is capable of in- 
creasing the apparent number of pixels to improve 10 
the resolution of images produced thereby. 

There has been known an image display system 
such as an LCD system for displaying image informa- 
tion with a three-dimensional matrix of pixels ar- 
ranged in horizontal rows and vertical columns. 15 

For displaying color images on such an image 
display system, a horizontally repeated pattern of 
vertical stripe filters of three primaries, i.e., red, 
green, and blue, is placed over the matrix of pixels, 
with each vertical stripe filter being aligned with one 20 
vertical column of pixels. However, since one vertical 
stripe filter of a certain primary exists in every three 
vertical columns of pixels, the color images displayed 
on the image display system suffer a poor horizontal 
resolution. 2 s 

To solve the above problem, it has been custom- 
ary to shift every other horizontal row of pixels hori- 
zontally by 1/2 of the horizontal pitch of pixels and 
also to shift pixels associated with the same primar- 
ies in every other horizontal row of pixels horizontally 30 
by 1/2 of the horizontal pitch of those pixels which are 
associated with the same primaries. The pixels thus 
arranged are combined with a staggered pattern of 
filters of primaries. 

Usually, the conventional image display system 35 
displays an image according to an interlaced scan- 
ning process fn which an image pattern of an odd- 
numbered field and an image pattern of an even- 
numbered field are successively displayed on the 
same pixels, so that the image can be displayed with 40 
a small number of pixels. 

The interlaced scanning process effected on the 
conventional image display system has a problem in 
that it fails to achieve a sufficient level of resolution. 

Displaying an image on the image display system 45 
according to a noninterlaced scanning process re- 
quires that the number of pixels in the vertical direc- 
tion be twice that which is necessary by the inter- 
laced scanning process. However, If the number of 
pixels is increased for higher resolution in the image so 
display system that is composed of a cluster of pixels, 
then the vignetting factor of the image display system 
is lowered, and dot defects are produced resulting in 
a lower yield and a higher cost The noninterlaced 
scanning process also requires a memory for storing ss 
one horizontal line or field of image information, and 
makes the arrangement for driving the image display 
system complex. 



It is therefore an object of the present invention 
to provide a method of and an apparatus for optically 
increasing the apparent number of pixels to improve 
the resolution of displayed images, without actually 
increasing the number of pixels used. 

Another object of the present invention is to pro- 
vide an imaging apparatus which is capable of opti- 
cally increasing the apparent number of pixels to im- 
prove the resolution of images produced thereby. 

According to the present invention, there is pro- 
vided a method of increasing the resolution of an im- 
age on an image display system having a matrix of 
pixels arranged in horizontal rows and vertical col- 
umns and selectively energizable to display an image 
composed of a plurality of pixeLliatterns in alternate 
fields, comprising the steps^f positioning an optical 
path changer between the image display system and 
a viewer or screen for shifting an optical path there- 
between to optically shift a pixel pattern, operating 
the optical path changer to shift the optical path, and 
displaying the pixel pattern to be optically shifted on 
the image display system in every field in synchron- 
ism with the shifting of the optical path by the optical 
path changer. 

When the optical path is changed or shifted vert- 
ically in every field, for example, image information of 
odd-numbered fields and image information of even- 
numbered fields are displayed on the image display 
system in timed relation to the changing of the optical 
path. Since the optical path is vertically shifted, the 
pixel positions in the odd-numbered fields and the 
pixel positions in the even-numbered fields are appa- 
rently displaced from each other, resulting in a dis- 
played image according to the noninterlaced scan- 
ning. Stated otherwise, the viewer can view the dis- 
played image with greater resolution such that num- 
ber of pixels is apparently doubled in the vertical di- 
rection. 

The optical path can also be changed or shifted 
horizontally. When the optical path is horizontally 
shifted in every field and pixel patterns to be shifted 
horizontally are displayed in timed relation to the hor- 
izontal changing of the optical path, the number of 
pixels can also be apparently increased in the hori- 
zontal direction. 

According to the present invention, there is also 
provided an image display system comprising an im- 
age display device having a matrix of pixels arranged 
in horizontal rows and vertical columns and selective- 
ly energizable to display an image composed of a 
plurality of pixel patterns in alternate fields, an optical 
path changer disposed between the image display 
device and a viewer or screen for shifting an optical 
path therebetween to optically shift pixel patterns, 
and shifting means for shifting pixel patterns dis- 
played on the image display device in timed relation 
to the change of the optical path by the optical path 
changer. 
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According to the present invention, there is fur- 
ther provided a method of increasing the resolution of 
an image on an image display system having a pair 
of projectors each having a liquid-crystal display de- 
vice having a matrix of pixels for displaying an image 
in an interlaced scanned process and means for pro- 
jecting the displayed image onto a screen, compris- 
ing the steps of controlling one of the projectors to 
display only odd-numbered fields of image informa- 
tion on the screen, controlling the other of the projec- 
tors to display only even-numbered fields of image in- 
formation on the screen, and shifting respective im- 
ages projected onto the screen by the projectors vert- 
ically from each other by 1/2 of the pitch of the pixels. 

According to the present invention, there is also 
provided a method of increasing the resolution of an 
image on an image display system having a matrix of 
pixels arranged in horizontal rows and vertical col- 
umns and selectively energizable to display an image 
composed of a plurality of pixel patterns in alternate 
fields, the pixels being capable of continuously dis- 
playing the image until next image information is 
supplied to the pixels, comprising the steps of posi- 
tioning an optical path changer between the image 
display system and a viewer or screen for shifting an 
optical path therebetween depending on the pixel 
pattern to be displayed in synchronism with vertical 
scanning on the image display system, operating the 
optical path changer to shift the optical path, and dis- 
playing the pixel pattern to be optically shifted on the 
image display system in every field in synchronism 
with the shifting of the optical path by the optical 
path changer. 

According to the present invention, there is fur- 
ther provided an imaging apparatus comprising an 
imaging unit having a matrix of pixels for producing an 
image signal from all the pixels in every field in a non- 
interlaced scanning process, an optical path changer 
disposed between the imaging unit and a subject to 
be imaged by the imaging unit to shift an optical path 
therebetween, and actuator means for actuating the 
optical path changer to shift the optical path in a pre- 
determined direction in every field or frame in re- 
sponse to a shock applied to the imaging unit, where- 
by the image signal generated by the imaging unit is 
free from suffering the shock. 

According to the present invention, there is also 
provided a recording apparatus comprising an imag- 
ing unit, an optical path changer disposed between 
the imaging unit and a subject to be imaged by the im- 
aging unit to shift an optical path therebetween, 
means for controlling the optical path changer to shift 
the optical path in every field or frame, and means for 
recording, on a recording medium, a plurality of field 
images of the subject whose optical paths are shifted 
by the optical path changer and have different spa- 
tially sampled positions, together with information 
representative of a quantity by and a direction in 



which each of the field images is shifted. 

According to the present invention, there is fur- 
ther provided a reproducing apparatus for playing 
back the recording medium which has been recorded 

5 by the above recording apparatus, comprising means 
for extracting the field images and the information 
representative of a quantity by and a direction in 
which each of the field images is shifted, from a re- 
produced signal supplied from the recording medium. 

10 and means for shifting the extracted field images 
vertically and horizontally based on the extracted in- 
formation and combining the shifted field images into 
a still image of high resolution. 

The invention will be further described by way of 

15 example in the following description of illustrative 
embodiments thereof to be read in conjunction with 
the accompanying drawings, in which like reference 
numerals represent the same or similar objects, and 
in which:- 

20 FIGS. 1 Athrough 1 C are views showing pixel pat- 

terns and an optically combined pixel pattern ac- 
cording to an embodiment of the present inven- 
tion; 

FIGS. 2A through 2C are views showing pixel pat- 
25 terns and an optically combined pixel pattern ac- 

cording to another embodiment of the present in- 
vention; 

FIGS. 3A through 3C are views showing pixel pat- 
terns and an optically combined pixel pattern ac- 
30 cording to still another embodiment of the pres- 

ent invention; 

FIGS. 4Athrough 4C are views showing pixel pat- 
terns and an optically combined pixel pattern ac- 
cording to yet still another embodiment of the 

35 present invention; 

FIG. 5 is a schematic view, partly in block form, 
of an apparatus for increasing a resolution in an 
image display system according to an embodi- 
ment of the present invention; 

40 FIG. 6 is a circuit diagram of an LCD panel for use 

in the image display system; 
FIG. 7 is a block diagram of the image display 
system; 

FIGS. 8A through 8C are timing charts illustra- 
45 tive of the manner in which a displayed image is 

horizontally shifted; 

FIGS. 9A through 9C are timing charts illustra- 
tive of the manner in which a displayed image is 
vertically shifted; 
so FIGS. 1 0A through 10D are timing charts illustra- 

tive of the changing of an optical path by way of 
example; 

FIG. 11 is a diagram showing the principles of the 
changing of an optical path in the apparatus 
55 shown in FIG. 5; 

FIG. 12 is a schematic view, partly in block form, 
of an apparatus for increasing a resolution in an 
image display system according to another em- 
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bodiment of the present invention; 
FIGS. 13Athrough 13C are timing charts illustra- 
tive of the changing of an optical path in the ap- 
paratus shown in FIG. 12; 

FIG. 14 is a diagram showing the principles of the 5 
changing of an optical path in the apparatus 
shown in FIG. 12; 

FIG. 15 is a schematic view, partly in block form, 
of an apparatus for increasing a resolution in an 
image display system according to still another 10 
embodiment of the present invention; 
FIGS. 16Athrough 16C are timing charts illustra- 
tive of the changing of an optical path in the ap- 
paratus shown in FIG. 15; 

FIG. 17 is a diagram showing the principles of the is 
changing of an optical path in the apparatus 
shown in FIG. 15; 

FIG. 18 is a diagram showing another optical 
path changer for use in the apparatus shown in 
FIG. 15; 20 
FIG. 19 is a schematic view, partly in block form, 
of an apparatus for increasing a resolution in an 
image display system according to yet still an- 
other embodiment of the present invention; 
FIG. 20 is a schematic view, partly in block form, 25 
of an apparatus for increasing a resolution in an 
image display system according to a further em- 
bodiment of the present invention; 
FIGS. 21 A through 21 C are plan, front elevation- 
al, and side elevational views, respectively, of an 30 
optical path changer for use in the apparatus 
shown in FIG. 12; 

FIG. 22 is a perspective view of a polarization 
plane rotator for use in the apparatus shown in 
FIG. 15; 35 
FIGS. 23A through 23G are timing charts show- 
ing the manner in which the polarization plane ro- 
tator shown in FIG. 22 operates; 
FIG. 24 is a schematic view, partly in block form, 
of an apparatus for increasing a resolution in an 40 
image display system according to a still further 
embodiment of the present invention; 
FIGS. 25A through 25C are timing charts show- 
ing the manner in which the apparatus shown in 
FIG. 24 operates; 45 
FIG. 26 is a schematic view of an imaging appa- 
ratus according to an embodiment of the present 
invention; 

FIG. 27 is a schematic view of an imaging appa- 
ratus according to another embodiment of the so 
present invention; and 

FIG. 28 is a block diagram of a recording and re- 
producing apparatus according to the present in- 
vention. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First, methods of increasing a resolution accord- 
ing to the present invention will be described below. 

FIGS. 1A through 1C and 3A through 3C show 
staggered patterns of three-primary pixels, which are 
actually composed of pixels and filters of three pri- 
maries of red (R), green (G), and blue (B) disposed in 
front of the pixels, for use in a color image display sys- 
tem. 

In FIGS. 1A through 1C, the positions of dis- 
played pixels are optically shifted vertically for allow- 
ing the viewer of an image produced by the pixels to 
see the image as if the pixels were present on the 
optically shifted positions, and the image is dis- 
played on the color image display system. 

More specifically, FIG. 1A shows a color pixel 
pattern which comprises a staggered matrix of three- 
primary pixels that is not optically shifted in any di- 
rection. The pixels are spaced horizontally by a pitch 
PH and vertically by a pitch Pv. FIG. 1 B shows a color 
pixel pattern which also comprises a staggered ma- 
trix of three-primary pixels that is optically shifted 
vertically downwardly from the color pixel pattern 
shown in FIG. 1 A by 1/2 of the vertical pitch Pv as 
seen by the viewer. The color pixel pattern shown in 
FIG. 1 B is optically shifted by an optical path changer 
(described - later on). 

The color pixel pattern shown in FIG. 1 A is sup- 
plied with image information VAcomposed of pixel in- 
formation at the pixel positions shown in FIG. 1A. 
Similarly, the color pixel pattern shown in FIG. 1B is 
supplied with image information VB composed of pix- 
el information at the pixel positions shown in FIG. 1B. 

The image information VA, VB contains respec- 
tive pixel information at the pixel positions that are 
vertically shifted Pv/2 from each other with respect 
to an image that is to be displayed. 

The optical path changer is controlled such that 
the color pixel patterns shown in FIGS. 1A and 1B 
which are visually vertically shifted Pv/2 from each 
other will visually be observed as alternating fields by 
the viewer. 

In timed relation to the changing of an optical 
path with the optical path changer, the image infor- 
mation VA, VB is switched each field and supplied to 
the color image display system, i.e., the image infor- 
mation VA is supplied in one field and the image in- 
formation VB is supplied in the next field to the color 
image display system, so that the color pixel patterns 
shown in FIGS. 1 Aand 1 B will be displayed alternate- 
ly in respective fields. 

As a result, the viewer visually observes, on the 
color image display system, an optically combined 
color image that is represented by an optically com- 
bined pixel pattern shown in FIG. 1C. Therefore, the 
color image display system apparently displays a col- 
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or image with a resolution which is substantially the 
same as a color image display system having twice 
as many pixels as the illustrated pixels. 

If the original image information to be displayed 
is represented by an interlaced-scanning television 5 
signal, then since odd- and even-numbered field sig- 
nals indicate pixel information at positions that are 
Pv/2 shifted from each other, the odd- and even- 
numbered field signals directly represent the image 
information VA, VB, respectively, and hence can be 10 
supplied to the color image display system in the 
same manner as heretofore. 

In FIGS. 2A through 2C, the positions of dis- 
played pixels are optically shifted both vertically and 
horizontally. The positions of displayed pixels are opt- 1 5 
ically shifted Pv/2 vertically, and Pc/2 horizontally 
where Pc is the pitch of pixels of the same colors in 
the horizontal direction. 

FIG. 2A shows a color pixel pattern PTA which 
comprises a staggered matrix of three-primary pixels 20 
that is not optically shifted in any direction. FIG. 2B 
shows a color pixel pattern PTC which also comprises 
a staggered matrix of three-primary pixels that is opt- 
ically shifted Pv/2 vertically downwardly and Pc/2 
horizontally to the right from the color pixel pattern 25 
shown in FIG. 2A as seen by the viewer. 

The color pixel patterns PTA, PTC are switched 
in alternate fields, i.e. f image information VA, VB con- 
taining the information of pixel positions of the color 
pixel patterns PTA, PTC is switched in alternate fields 30 
and supplied to the color image display system for 
displaying an image represented by the image infor- 
mation VA, VB. 

Since the displayed pixel positions are shifted 
also horizontally, the even-numbered fields of an in- 35 
terlaced-scanning television signal start being hori- 
zontally scanned from a position that is PH/2 out of 
phase with the original horizontal synchronizing sig- 
nal. 

FIGS. 3A through 3C show the positions of dis- 4C 
played pixels which are optically shifted both vertical- 
ly and horizontally. The color pixel pattern shown in 
FIG. 3B differs from the color pixel pattern shown in 
FIG. 2B in that the positions of displayed pixels are 
optically shifted Pv/2 vertically, and Pc/4 horizontal- 45 

iy. 

In FIGS. 4A through 4C, a color pixel pattern 
comprises a three-dimensional matrix of pixels ar- 
ranged in horizontal rows and vertical columns and 
combined with stripe filters of three primaries of red so 
(R), green (G), and blue (B). An optical path that is di- 
rected from the color pixel pattern toward the viewer 
is shifted Pv/2 vertically and Pc/2 horizontally. 

FIG. 4A shows a color pixel pattern which com- 
prises a matrix of three-primary pixels that is not opt- 55 
ically shifted in any direction. FIG. 4B shows a color 
pixel pattern which also comprises a matrix of three- 
primary pixels that is optically shifted Pv/2 vertically 



downwardly and Pc/2 horizontally to the right from the 
color pixel pattern shown in FIG. 4A as seen by the 
viewer. FIG. 4C illustrates a combination of the color 
pixel patterns shown in FIGS. 4A and 4B that are 
switched in alternate fields. 

In FIGS. 4A through 4C, the optical path is 
changed or shifted in every field. As with the color 
pixel patterns shown in FIGS. 2A through 2C, the im- 
age information containing the information of pixel 
positions of the color pixel patterns shown in FIGS. 
4A and 4B may be vertically shifted when odd- and 
even-numbered field signals of an interlaced-scan- 
ning television signal are supplied to the color image 
display system, and may be horizontally shifted when 
the even-numbered fields of an interlaced-scanning 
television signal start being horizontally scanned 
from a position that is PH/2 out of phase with the orig- 
inal horizontal synchronizing signal. 

FIG. 5 shows an apparatus for increasing a reso- 
lution in an image display system according to an em- 
bodiment of the present invention. 

As shown in FIG. 5, the apparatus includes an 
LCD panel 10, an LCD driver 20, an eyepiece 31, an 
optical path changer 30, and an optical path changer 
driver 40. The LCD panel 10 is combined with a back- 
light unit BL which applies light from behind the LCD 
panel 10 to make an image displayed thereon sharp- 
er. 

As shown in FIG. 6, the LCD panel 10 comprises 
a matrix of pixels 11 each comprising a thin-film tran- 
sistor (TFT) 11T and a liquid crystal cell 11L The pix- 
els 11 are arranged as shown in FIG. 4A and com- 
bined with vertical stripe filters R, G, B each aligned 
with a vertical column of pixels. Therefore, each vert- 
ical column of pixels is associated with one color, i.e., 
one of the three primaries. The LCD panel 10 thus 
has the arrangement of a color image display system 
shown in FIGS. 4A through 4C. 

The gates of the thin-film transistors 11T of each 
horizontal row of pixels indicated by R, G, B, R, B, G, 
- are connected in common to each other. The gates 
of the thin-film transistors 11T of the horizontal rows 
of pixels are connected respectively to row lines Y1, 
Y2, Yj, ... Yn. 

The sources of the thin-film transistors 11T of 
each vertical column of pixels are connected in com- 
mon to each other. The sources of the thin-film tran- 
sistors 11 T of the vertical columns of pixels are con- 
nected respectively to column lines X1, X2, X3, — XI, 
Xm. 

The row lines Y1, Y2, — yj, — Yn are connected 
to the respective output terminals of gates 12V1, 
12V2. - 12Vn, which can be opened by a vertical en- 
able signal VEN. The gates 12V1, 12V2, - 12Vn have 
respective one input terminals connected to respec- 
tive stages of a vertical shift register 1 3 which effects 
vertical scanning. 

The vertical shift register 13 is supplied with a 
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vertical reset pulse VST and vertical clock pulses 
VCK. The vertical shift register 13 successively 
transfers w 1" to effect vertical scanning in response 
to supplied vertical clock pulses VCK. The vertical 
shift register 13 is reset by the vertical reset pulse 
VST to determine a phase for starting vertical scan- 
ning. 

The column lines X1 , X2, - Xi, Xm are connect- 
ed respectively to signal switches 14H1, 14H2, -» 
14Hi, 14Hm. Those signal switches which are con- 
nected to the column lines coupled to the pixel col- 
umns of green G are supplied with a green primary 
signal SG. Those signal switches which are connect- 
ed to the column lines coupled to the pixel columns 
of blue B are supplied with a blue primary signal SB. 
Those signal switches which are connected to the col- 
umn lines coupled to the pixel columns of red R are 
supplied with a red primary signal SR. 

The signal switches 14H1, 14H2, - 14Hi, ■» 
14Hm are controlled for their switching operation by 
respective gates 15H1 f 15H2, - 15Hi f ... 15Hm. The 
gates 15H1, 15H2, 15Hi t • . 15Hm have respective 
one input terminals supplied with a horizontal enable 
signal HEN which controls thesegates 15H1 - 15Hm 
for their opening and closing. The other input termi- 
nals of the gates 15H1 - 15Hm are supplied with out- 
put signals from respective stages of a horizontal 
shift register 16. 

The horizontal shift register 16 is supplied with a 
horizontal reset pulse HST and horizontal dock puls- 
es HCK. The horizontal shift register 16 is energized 
by horizontal clock pulses HCK to scan the pixels 11 
horizontally to write image information in those pixels 
that are selected by the vertical scanning. The state 
of a pixel in which image information is stored is main- 
tained for the period of one field. The horizontal shift 
register 16 is reset by the horizontal reset pulse HST 
to determine aphase for starting horizontal scanning. 

The LCD driver 20 for energizing the LCD panel 
1 0 is illustrated in FIG. 7. In FIG. 7, an NTSC coior vid- 
eo signal VI, for example, inputted through an input 
terminal 21 is supplied to an RGB decoder 22 which 
converts the NTSC color video signal VI into three 
primary signals VR, VG, VB of red, green, and blue. 
The three primary signals VR. BG, VB are supplied 
from the RGB decoder 22 to an inverter 23. 

The RGB decoder 22 also extracts a composite 
synchronizing signal SYNC from the supplied NTSC 
color video signal VI, and supplies the extracted com- 
posite synchronizing signal SYNC to a timing signal 
generator 24. The timing signal generator 24 produc- 
es a pulse FRP that is inverted in polarity in each hor- 
izontal interval, and supplies the pulse FRP to the in- 
verter 23, which inverts the primary signals VR, BG, 
VB in each horizontal interval for thereby canceling 
DC components. The inverter 23 supplies primary 
signals SR, SB, SB which are composed of alternate 
inverted and noninverted signals in respective hori- 



zontal intervals to respective three-primary-signal in- 
put terminals 174, 175, 176 of the LCD panel 10 
shown in FIG. 6. 

The timing signal generator 24 also generates 
5 the horizontal reset pulse HST, the horizontal clock 
pulses HCK, the horizontal enable signal HEN, the 
vertical reset pulse VST, the vertical clock pulses 
VCK, and the vertical enable signal VEN based on 
the composite synchronizing signal SYNC, and sup- 
to plies them to respective input terminals 171, 172, 
173, 177, 178, 179 of the LCD panel 10 shown in FIG 
6. 

An image that is displayed on the LCD panel 10 
at this time is shifted or displaced Pc/2 (= 3PH/2 
15 where PH is the pitch of the pixels in the horizontal 
direction) horizontally and Pv/2 vertically in every 
field. 

Such image shifting is achieved by switching the 
horizontal reset pulse HST and the horizontal clock 

20 pulses HCK in every field with respect to the horizon- 
tal direction and also switching the vertical reset 
pulse VST and the vertical clock pulses VCK in every 
field with respect to the vertical direction. 

First, the image shifting in the horizontal direc- 

25 tion will be described below. FIG. 8A shows the color 
video signal VI inputted through the input terminal 21 , 
the color video signal VI containing a horizontal syn- 
chronizing signal HD. In an odd-numbered field, as 
shown in FIG. 8B, the horizontal reset pulse HST lags 

30 the horizontal synchronizing signal HD by a time to, 
for example, in an initial period of an effective hori- 
zontal video interval. The horizontal clock pulses 
HCK are pulses that repeated in cyclic periods de- 
pending on the horizontal pixel pitch PH and the hor- 

35 izontal scanning speed, and are reset by the horizon- 
tal reset pulse HST into synchronism with a negative- 
going edge, for example, of the horizontal reset pulse 
HST. 

In an even-numbered field, as shown in FIG. 8C, 

40 the horizontal reset pulse HST lags the horizontal 
synchronizing signal HD by a time te. The time te is 
longer than the time to by 3/2 PH = Pc/2. Since the 
pixels of the LCD panel 10 start being horizontally 
scanned from the first pixel (lefthand end) in the hor- 

45 izontal direction from the time of the horizontal reset 
pulse HST, images displayed in the odd- and even- 
numbered fields are horizontally shifted from each 
other by 3/2 PH = Pc/2. 

The image shifting in the horizontal direction will 

so be described below. FIG. 9A shows one field of the 
color video signal VI Inputted through the input termi- 
nal 21, the color video signal VI containing a vertical 
synchronizing signal VD. 

In an odd-numbered field, as shown in FIG. 9B, 

55 the vertical reset pulse VST lags the vertical syn- 
chronizing signal VD by a time to In an initial period 
of an effective vertical video interval. The vertical 
clock pulses VCK are pulses that repeated in cyclic 
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periods depending on the vertical pixel pitch Pv and 
the vertical scanning speed, and are reset by the 
vertical reset pulse VST into synchronism with a neg- 
ative-going edge, for example, of the vertical reset 
pulse VST. s 

In an even-numbered field, as shown in FIG. 9C, 
the vertical reset pulse VST lags the vertical syn- 
chronizing signal VD by a time tE. The time tE is lon- 
ger than the time to by Pv/2. Since the pixels of the 
LCD panel 10 start being vertically scanned from the 10 
uppermost line (row line Y1) in the vertical direction 
from the time of the vertical reset pulse VST, images 
displayed in the odd- and even-numbered fields are 
vertically shifted from each other by Pv/2. 

As described above, the odd- and even- is 
numbered field signals of an interlaced-scanning vid- 
eo signal such as an NTSC color video signal are dis- 
played in positions that are shifted Pv/2 from each 
other. Any signal processing required for shifting a 
displayed image in the vertical direction remains the 20 
same as heretofore, with the vertical reset pulse VST 
lagging the vertical synchronizing signal VD by a cer- 
tain time because the vertical synchronizing signal 
VD being Pv/2 out of phase from field to field. 

In the conventional image display system, irrv 25 
ages in odd- and even-numbered fields are displayed 
on the same pixels whose positions remain un- 
changed apparently. According to the present inven- 
tion, as described later on, images in odd- and even- 
numbered fields are displayed on pixels whose posi- 30 
tions are optically shifted Pv/2 apparently, with the 
result that the apparent number of pixels is increased 
for an increased resolution. 

In the image display system shown in FIG. 5, ap- 
parent pixel positions are shifted using the optical 35 
path changer 30. In FIG. 5, the optical path changer 
30 is composed of the eyepiece 31 which comprises 
a convex lens and a voice coil 32. The voice coil 32, 
when energized, moves the eyepiece 31 linearly in a 
direction perpendicular to the optical axis of the eye- 40 
piece 31 reciprocally in the period of each frame for 
thereby changing or shifting the optical path through 
the eyepiece 31 to shift the apparent pixel positions. 
The eyepiece 31 is supported on a lens mount 33 
which is vertically vibrated by the voice coil 32 to re- 45 
ciprocally move the eyepiece 31 linearly across the 
optical axis thereof. 

The voice coil 32 is energized by the optical path 
changer driver 40. The optical path changer driver 40 
is supplied with a decision signal O/E (see FIG. 10B) so 
from the LCD driver 20 which indicates whether the 
present field is an odd-numbered field or an even- 
numbered field of the color video signal VI (see FIG. 
1 0A). In the optical path changer driver 40, the deci- 
sion signal O/E, which has a frequency of 30 Hz, is ss 
compared with a signal S43 having a frequency of 30 
Hz from a variable-frequency oscillator (hereinafter 
referred to as a •VCO") 43 by a phase comparator 41 . 



A phase error signal S41 outputted from the phase 
comparator 41 is supplied through a low-pass filter 42 
to the VCO 43 to control the output signal S43 thereof 
into synchronism with the decision signal O/E. 

To the VCO 43, there is connected a phase reg- 
ulator 44 in the form of a variable resistor which ad- 
justs the phase of the output signal S43 with respect 
to the decision signal O/E into proper phase relation- 
ship to the image signal of each field. 

The output signal S43 from the VCO 43 is then 
supplied to a waveform shaper 45, which produces a 
rectangular signal. The amplitude of the rectangular 
signal from the waveform shaper 45 is adjusted by a 
control driver 46 that is associated with an amplitude- 
adjusting variable resistor 47. 

The control driver 46 supplies an output signal 
S46 (see FIG. 10C) to the voice coil 32 for thereby en- 
ergizing the voice coil 32. Specifically, when the sig- 
nal S46 is of a high level, the eyepiece 31 is moved 
into a solid-line position in FIG. 11, and when the sig- 
nal S46 is of a low level, the eyepiece 31 is moved into 
a dotted-line position in FIG. 11. In this manner, the 
optical path through the eyepiece 31 is changed or 
shifted in the period of each field to cause the posi- 
tions of the pixels of the LCD panel 10 to look shifted 
optically in the direction perpendicular to the optical 
axis of the eyepiece 31 . 

If the signal S46 is of such phase as shown in 
FIG. 10D, then the resolution is increased most effec- 
tively in a central area of the screen of the image dis- 
play system. 

FIG. 11 shows the principles of an optical shift of 
the pixel positions, i.e., the changing of an optical 
path, in the apparatus shown in FIG. 5. In FIG. 11, the 
eyepiece 31 has a focal length f. In the odd-numbered 
fields of the video signal VI in which the eyepiece 31 
is in the solid-line position, the image (virtual image) 
of a point PL that is spaced a distance a from the eye- 
piece 31 , i.e., a displayed image on the LCD panel 1 0, 
is focused as a point PO in a position that is spaced 
a distance b from the eyepiece 31. 

In the even-numbered fields of the video signal 
VI, the eyepiece 31 is in the dotted-line position which 
is displaced a distance x upwardly from the solid-line 
position. The image of the point PL as it is observed 
by the viewer, denoted at 1 in FIG. 5, through the eye- 
piece 31 is now focused as a point PE in a position 
that is displaced a distance X downwardly from the 
point PO. Therefore, the observed image of the point 
PL is shifted the distance X downwardly. When the 
eyepiece 31 is moved perpendicularly to the optical 
axis, accordingly, the pixel positions appear to the 
viewer to be shifted, resulting in an optical shift of the 
pixel positions. 

If a real image having a length A is assumed in 
place of the point PL, and an image having a length 
B is assumed as its virtual image, then the following 
equations (1) and (2) are satisfied: 
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(A - x)/(B - X - x) = a/b (1) AND 
A/B = a/b (2). 

From the equations (1) and (2), the distance x is 
determined as follows: 

x = X/(b/a - 1) (3). 5 

If the magnification K of the eyepiece 31 is K = 
b/a and the amount of a pixel shift as converted in 
terms of the real image A is represented by xr, then 
since X = K*xr, the amount x of the lens shift is given 
by: 10 

x = xr * K/(K - 1) (4) 
where * indicates a multiplication. 

The optical pixel shift shown in FIGS. 4A through 
4C can be achieved when the eyepiece 31 is shifted 
by the voice coil 32 in the same direction as the di- 15 
rection of the pixel shift. The eyepiece 31 may be 
combined with a voice coil which can shift the pixels 
in the horizontal direction of the LCD panel 10 and a 
voice coil which can shift the pixels in the vertical di- 
rection of the LCD panel 10, so that the pixels can 20 
optical be shifted in any desired direction under a 
combination of forces produced by both the voice 
coils. 

The eyepiece 31 may be reciprocally moved lin- 
early not only by the voice coil, but also by a mech- 25 
antcal device such as a piezoelectric device, a bi- 
morph cell, a stepping motor, a solenoid-operated ac- 
tuator, or the like. 

The apparatus shown in FIG. 5 can easily be re- 
alized if the eyepiece 31 is small and light Since the 30 
optical path is changed or shifted in an analog fash- 
ion for light deflection, if a reproduced or displayed 
image Is produced by a video camera and suffers a 
camera shock, then the apparatus shown in FIG. 5 
may be used to compensate for such a camera shock 35 
by detecting the camera shock based on a displace- 
ment of the image. 

The optical pixel shift can be achieved by any of 
various opticar path changers rather than the mech- 
anical vibration of the eyepiece 31 . 40 

FIGS. 12 through 14 show an apparatus for In- 
creasing a resolution according to another embodi- 
ment of the present invention, the apparatus includ- 
ing a semicircular glass plate as an optical path 
changer for accomplishing an optical pixel shift 45 

As shown in FIG. 12, the apparatus includes an 
optical path changer 50 disposed in an optical path 
between an LCD panel 10 and an eyepiece 31. The 
optical path changer 50 comprises a semicircular 
glass plate 51 supported by a rigid annular holder 52. so 
The annular holder 52 also supports a relatively small 
segmental counterweight 53 having a weight counter- 
balancing the semicircular glass plate 51 and posi- 
tioned radially opposite to the semicircular glass plate 
51 . A hollow bypass region 54 is defined between the 55 
semicircular glass plate 51 and the counterweight 53. 

An elongate panel 55 is diametrically attached to 
the annular holder 52 in intimate contact with a 



straight side of the semicircular glass plate 51, and 
connected at its center to a joint 56 which is coupled 
to the rotatable shaft of a motor 57. Therefore, when 
the motor 57 is energized, the semicircular glass 
plate 51 is rotated about the central axis of the annu- 
lar holder 52. 

As illustrated in FIG. 14, the optical path changer 
50 is inserted in the optical path between the LCD 
panel 10 and the eyepiece 31 such that the plane of 
the semicircular glass plate 51 is inclined to the opt- 
ical axis of the eye-piece 31 . 

During a first half of the full revolution of the opt- 
ical path changer 50 by the motor 56, the bypass re- 
gion 54 thereof is positioned in the optical path be- 
tween the LCD panel 10 and the eyepiece 31. During 
a latter half of the full revolution of the optical path 
changer 50, the semicircular glass plate 51 is oblique- 
ly inserted in the optical path between the LCD panel 
1 0 and the eyepiece 31 . 

The principles of an optical pixel shift by the opt- 
ical path changer 50 will be described below with ref- 
erence to FIG. 14. 

It is assumed that the plane of the semicircular 
glass plate 51 is inclined an angle 0 to a direction per- 
pendicular to the optical axis of the eyepiece 31, the 
semicircular glass plate 51 has a thickness D and a 
refractive index n. 

When the bypass region 54 is positioned in the 
optical path, a ray LO of light emitted from a point PL 
passes straight through the optical path changer 50 
as indicated by the solid line L54. 

When the semicircular glass plate 51 is brought 
into the optical path, the ray LO of light emitted from 
the point PL is refracted by the semicircular glass 
plate 51, and the optical path is shifted downwardly 
in FIG. 14 as indicated by the solid line L51. There- 
fore, the viewer 1 observes the ray LO of light as com- 
ing from a point PLs that is shifted downwardly from 
the point PL by a distance x, and hence observes pix- 
els as being shifted downwardly by the distance x. 

At this time, the following equations are satis- 
fied: 

(D * tanGi - D * tanOo) * cosG = x (5), 
sinOi = n * sin6o (6), 
0 = 0i (7) 

where 8i is the incident angle at which the ray of light 
falls on the semicircular glass plate 51, Go the angle 
at which the ray of light leaves the semicircular glass 
plate 51, and * represents a multiplication. 

The motor 57 is energized to rotate the optical 
path changer 50 at a constant speed to make one rev- 
olution in one frame such that the bypass region 54 
is positioned in the optical path between the LCD 
panel 10 and the eyepiece 31 in the odd-numbered 
fields of a video signal VI supplied to the image dis- 
play system, and the semicircular glass plate 51 is 
positioned in the optical path between the LCD panel 
10 and the eyepiece 31 in the even-numbered fields 
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of the video signal VI. Thus, the optical path changer 

50 is rotated through one revolution per frame in syn- 
chronism with vertical scanning of the LCD panel 10. 

In order to energize the motor 57 in synchronism 
with the supplied video signal VI, a semicircular outer s 
circumferential surface of the annular holder 52 com- 
prises an optically reflecting surface, and the remain- 
ing semicircular outer circumferential surface thereof 
comprises an optically unreflecting surface. An opti- 
cal rotation phase sensor 58 positioned in confront- 10 
ing relation to the outer circumferential surface of the 
annular holder 52 comprises a light-emitting element 
and a light-detecting element. Light emitted from the 
light-emitting element is applied to the outer circum- 
ferential surface of the annular holder 52, and light re- 15 
fleeted thereby is detected by the light-detecting ele- 
ment. 

The optical rotation phase sensor 58 is posi- 
tioned such that it faces the reflecting and non re- 
flecting surfaces of the annular holder 52 substantial- 20 
ly in synchronism respectively with even-numbered 
field intervals in which the semi-circular glass plate 

51 is positioned in the optical path between the LCD 
panel 10 and the eyepiece 31 and odd-numbered 
field intervals in which the bypass region 54 is posi- 25 
tioned in the optical path between the LCD panel 10 

and the eyepiece 31. 

A detected output signal S58 (see FIG. 1 3C) from 
the optical rotation phase sensor 58 is supplied 
through an amplifier 59 to a motor driver 60. 30 

In the motor driver 60, the output signal S58 from 
the optical rotation phase sensor 58 is compared with 
a decision signal O/E which indicates whether the 
present field is an odd-numbered field or an even- 
numbered field of a supplied video signal VI (see FIG. 35 
1 3A) by a phase comparator 61 . A phase error signal 
outputted from the phase comparator 61 is supplied 
through a low-pass filter 62 to one input terminal of a 
differential amplifier 63 whose other input terminal is 
supplied with a reference voltage REF for establish- 40 
ing a reference phase. The reference voltage REF 
can be adjusted by a variable resistor 64. 

An output signal from the differential amplifier 
63, which indicates the voltage of the difference be- 
tween the signals applied to the input terminals there- 45 
of, is supplied through a control driver 65 to the motor 
57 for controlling the rotational phase thereof. A drive 
signal applied from the control driver 65 to the motor 
57 can be adjusted in amplitude by a variable resistor 
66. The control loop thus constructed operates until so 
the output signal from the differential amplifier 63 be- 
comes zero whereupon the rotational phase of the 
optical path changer 50 is synchronized with the de- 
cision signal O/E. 

The direction in and the amount by which the pix- ss 
els are to be optically shifted can be determined by 
the direction in and the angle through which the sem- 
icircular glass plate 51 is inclined with respect to the 



optical path. 

The apparatus shown in FIGS. 12 through 14 is 
advantageous in that an optical pixel shift can simply 
be achieved by rotation of the optical path changer 50 
and any vibrational noise which is produced is rela- 
tively low. 

FIGS. 15 through 17 show an apparatus for in- 
creasing a resolution in an image display system ac- 
cording to still another embodiment of the present in- 
vention. As shown in FIG. 15, the apparatus includes 
an optical path changer 71 comprising a polarization 
plane rotator 71 and a prismatic birefringent plate 72 
made of a material having large birefringence such as 
quartz, calcite, liquid crystal, or the like. 

The polarization plane rotator 71 comprises a liq- 
uid crystal panel 73 and a pair of transparent electro- 
des 74, 75 mounted on respective opposite surfaces 
of the liquid crystal panel 73. When a voltage for driv- 
ing the liquid crystal is applied between the transpar- 
ent electrodes 74, 75, the plane of polarization is ro- 
tated and changed in every field into conformity with 
the planes of polarization of ordinary and extraordin- 
ary rays of light passing through the birefringent plate 
72. 

If the ordinary ray of light passing through the bi- 
refringent plate 72 is vertically polarized (the plane of 
polarization is at 90°), for example, and the extraor- 
dinary ray of light passing through the birefringent 
plate 72 is horizontally polarized (the plane of polari- 
zation is at 0°), for example, then the polarization 
plane rotator 71 rotates the plane of polarization be- 
tween 90° and 0° in every field. 

The voltage for driving the liquid crystal is gener- 
ated by a driver 80. The driver 80 is identical in struc- 
ture to the driver 40 shown in FIG. 5, and comprises 
a phase comparator 81, a low-pass filter 82, a VCO 
83 associated with a phase corrector 84, a waveform 
shaper 85, and a control driver 86 associated with an 
amplitude-adjusting variable resistor 87. 

The VCO 83 produces a signal S83 having the 
period of frames which is in phase with a decision sig- 
nal O/E (see FIG. 16B) indicative of whether the pres- 
ent field is an odd-numbered field or an even- 
numbered field. The signal S83 from the VCO 83 is 
supplied to the waveform shaper 85, which produces 
a signal S85 having a different amplitude from a vol- 
tage S86 (see FIG. 16C) for driving the liquid crystal. 
The signal S85 is then supplied to the control driver 
86 and adjusted in amplitude thereby. 

The voltage S86 from the control driver 86 is ap- 
plied between the transparent electrodes 74, 75 of 
the polarization plane rotator 71. The polarization 
plane rotator 71 now rotates the plane of polarization 
from 0° to 90° in the odd-numbered fields, for exam- 
ple, and from 90° to 0° in the even-numbered fields, 
for example. 

A linearly polarized ray of light which is emitted 
from an LCD panel 10 is applied to the polarization 
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plane rotator 71, and the plane of polarization thereof 
is rotated between 0° and 90° in every field. There- 
after, the ray of light enters the biref ringent plate 72. 
When the ray of light travels through the biref ringent 
plate 72, the amount which the ray of light is deflected 
is changed due to the difference between the refrac- 
tive indexes with respect to the ordinary and extraor- 
dinary rays of light corresponding to the planes of po- 
larization at 0° and 90°, thus optically shifting a pixel 
pattern in every field. 

FIG. 17 shows the principles of such an optical 
pixel shift. In FIG. 17, 9 represents a prism angle of 
the biref ringent plate 72, Ge the angle of refraction of 
the extraordinary ray of light which is horizontally po- 
larized, and Go the angle of refraction of the ordinary 
ray of light is vertically polarized. 

When theplane of polarization of the linearly po- 
larized ray of light from the display surface of the LCD 
panel 10 is changed into conformity with the planes 
of polarization of the ordinary and extraordinary rays 
of light passing through the biref ringent plate 72 in ev- 
ery field by the polarization plane rotator 71 , a ray of 
light from the same pixel position is refracted with dif- 
ferent refractive indexes ne, no in every field, and 
reaches the viewer. As a result, the viewer observes 
the ray of light from the same pixel position as being 
emitted from a position that is shifted Ax in every 
field, resulting in an optical pixel shift. At this time, 
the following equations are satisfied: 
ne • sine = sinOe (8), 
a ♦ tan(9e - 6) = xe (9), 
no * sine = sinGo (10), 
a»tan(6o - 0) = xo (11), 
Ax = xe - xo (12) 
where ne is the refractive index with respect to the 
extraordinary ray of light, no the refractive index with 
respect to the ordinary ray of light, and * represents 
a multiplication. 

The birefringent plate 72 is not limited to a pris- 
matic shape, but may be of the type which has a glass 
plate that is obliquely inserted as shown in FIG. 12, 
or may comprise a birefringent plate 76 for separating 
ordinary and extraordinary rays of light at a separa- 
tion angle 9 as shown in FIG. 18. In FIG. 18, the 
amount x of an optical pixel shift is indicated by: 
x = d • tane 

where d is the thickness of the birefringent plate 76. 

The apparatus shown in FIGS. 12 through 18 has 
a high response speed, can achieve substantially 
ideal light deflection, and is free from mechanical 
noise as they deflect light electrically. 

An apparatus for increasing a resolution accord- 
ing to yet still another embodiment of the present in- 
vention has an optical path changer in the form of a 
reflecting mirror as shown in FIG. 19. 

As shown in FIG. 19, an LCD panel 10 is posi- 
tioned above and perpendicularly to the optical axis 
of an eyepiece 31, and has a display surface facing 



downwardly. Light emitted from the display surface of 
the LCD panel 10 is reflected toward the eyepiece 31 
along the optical axis thereof by a reflecting mirror 
91. 

5 The reflecting mirror 91 is rotatably supported on 

a support rod 92 which extends parallel to the LCD 
panel 10. As with the arrangement shown in FIG. 5, 
the reflecting mirror 91 is coupled through a flexible 
hinge 95 to an actuating rod 94 which is reciprocally 

10 movable vertically in every field by a voice coil 93. 
The voice coil 93 can be energized by a driver 93 
which is identical in structure to the driver 40 shown 
in FIG. 5. 

When the actuating rod 94 is moved upwardly, 

15 for example, by the voice coil 93, the reflecting mirror 
91 is angularly moved an angle AG in the direction in- 
dicated by the arrow about the support rod 92. The 
optical path along which light emitted from the LCD 
panel 10 is now changed or shifted upwardly from the 

20 dotted-line direction to the solid-line direction, there- 
by effecting an optical pixel shift 

FIG. 20 shows an apparatus for increasing a re- 
solution in an image display system according to a 
further embodiment of the present invention. 

25 In FIG. 20, an active prism (hereinafter referred 

to as a "VAP") 100 for use in preventing an image 
from being displayed due to a camera shock on a 
camera-combined VTR is employed to change or 
shift an optical path. 

30 As disclosed in "Nikkei Electronics" June 6, 1992, 

No. 558, pages 203 - 211, the VAP 100 comprises a 
liquid having a high refractive index and sealed be- 
tween two glass panels 101, 102 which are joined to 
each other by bellows 103. One or both of the glass 

35 panels 101, 102 can freely be moved vertically and 
horizontally. 

The VAP 100 is inserted in an optical path be- 
tween a LCD panel 10 and an eyepiece 31. As with 
the arrangement shown in FIG. 5, one of the glass 

40 panels 102 of the VAP 100 is coupled through a flex- 
ible hinge (not shown) to an actuating rod 105 which 
is reciprocally movable vertically in every field by a 
voice coil 104. The voice coil 104 can be energized 
by a driver 106 which is identical in structure to the 

45 driver 40 shown in FIG. 5. 

When the actuating rod 105 is moved to the left, 
for example, by the voice coil 104, the glass panel 
102 is changed in its position thereby to change or 
shift the optical path of light emitted from the LCD 

so panel 10, thus effecting an optical pixel shift 

Since information that is written in pixels of a liq- 
uid crystal display panel in one field remains main- 
tained until a next field, information of an odd-num- 
bered field and information of an even-numbered 

55 field exist simultaneously in one frame. With such a 
liquid crystal display arrangement, it is preferable to 
shift only one field in synchronism with vertical scan- 
ning for a desired optical pixel shift though an optical 
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pixel shift can be achieved in about half of the frame 
by shifting the entire frame. One example of such an 
optical path changer will be described below. 

FIGS. 21A through 21C show an optical path 
changer for use in the apparatus shown in FIG. 12. 5 

In FIGS. 21A through 21C, an optical path 
changer 500 comprises seven sectorial glass plates 
511 through 517, rather than the semicircular glass 
plate 51 shown in FIGS. 12 through 14. 

The optical path changer 500 includes a plurality w 
of circumferentially spaced partition plates radially 
held in an annular holder similar to the annular holder 
52 shown in FIG. 12 and dividing a circular space de- 
fined by the annular holder into 14 sectorial regions. 
The optical path changer 500 has a joint, similar to is 
the joint 56 shown in FIG. 12, at its center for connec- 
tion to the rotatable shaft of the motor 57 (see FIG. 
1 2). The seven sectorial glass plates 511 through 51 7 
are fitted in every other sectorial regions in the annu- 
lar holder. Those sectorial regions in which the seven 20 
sectorial glass plates 511 through 517 are not fitted 
serve as bypass regions 540. 

The outer circumferential surface of the annular 
holder comprise optically reflecting and non reflect- 
ing surfaces disposed alternately in angular intervals 2s 
of 360°/14. The optical rotation phase sensor 58 (see 
FIG. 12) is disposed in confronting relation to the out- 
er circumferential surface of the annular holder. Ade- 
tected output signal from the rotation phase sensor 
58 is supplied to the motor driver 60 (see FIG. 12). 30 

The optical path changer 500 is obliquely insert- 
ed in the optical path between the LCD panel 10 and 
the viewer. The motor driver 60 controls the motor 57 
such that the optical path changer 700 makes one 
revolution in seven frames with each of the sectorial 35 
glass plates 511 through 517 appearing in the optical 
path between the LCD panel 10 and the viewer in an 
even-numbered field, and also with each of the by- 
pass regions 540 appearing in the optical path be- 
tween the LCD panel 10 and the viewer in an odd- 40 
numbered field. In this manner, the optical path 
changer 500 can effect an optical pixel shift in the 
same manner as the apparatus shown in FIG. 12. 

The direction in and the amount by which the pix- 
els are to be optically shifted can be determined by 45 
the direction in and the angle through which the sec- 
torial glass plates 511 through 517 are inclined with 
respect to the optical path. 

Inasmuch as the optical path changer 500 has 
seven bypass regions 540 and seven sectorial glass so 
plates 511 through 517, the optical path changer 500 
makes one revolution in seven frame in synchronism 
with vertical scanning. 

FIG. 22 shows a polarization plane rotator for use 
in the apparatus shown in FIG. 15, the polarization 55 
plane rotator being a modification of the polarization 
plane rotator 71 shown in FIG. 15 and serving to shift 
only one field in synchronism with vertical scanning. 



As shown in FIG. 22, the polarization plane rota- 
tor comprises a liquid crystal panel 73, a transparent 
electrode 75 mounted on one surface of the liquid 
crystal panel 73, and an assembly of as many scan- 
ning-line electrodes TD (transparent electrodes) 
which are vertically separate so as to correspond to 
respective scanning lines as the number of scanning 
lines, e.g., 218 scanning lines in FIG. 22. A scanning- 
line voltage Ek applied between the a scanning-line 
electrode TDk (k is a line number k = 1, 2, - ■ 218) and 
the transparent electrode 75 is controlled in syn- 
chronism with vertical scanning of the LCD panel 10 
for vertically rotating the plane of polarization of lin- 
early polarized light from the pixels of each scanning 
line from 0° to 90° or 90° to 0°. The scanning-line vol- 
tages Ek applied between the scanning-line electro- 
des and the transparent electrode 75 are shown in 
FIGS. 23C through 23G. 

In FIG. 22, the first and second scanning-line 
electrodes TD1, TD2 serve as an area for writing a 
present field therein, and the plane of polarization of 
light passing therethrough is at 90°. The third scan- 
ning-line electrode TD3 and other scanning-line elec- 
trodes positioned therebelow serve as an area for 
displaying a previous field, and the plane of polariza- 
tion of light passing therethrough is at 0°. 

Since an optical pixel shift can be achieved in 
about half of the frame by shifting the entire frame, 
one of the transparent electrodes of the polarization 
plane rotator may not be divided into areas corre- 
sponding to the scanning areas, but may be divided 
into areas corresponding to groups of the scanning 
lines. 

FIG. 24 shows an apparatus for increasing a re- 
solution in an image display system according to a 
still further embodiment of the present invention. In 
FIG. 24, two projectors each having an LCD panel as 
an image display surface are employed to optically in- 
crease the number of pixels used. 

As shown in FIG. 24, two projectors 111, 112 are 
directed such that an image projected by the projec- 
tor 111 and an image projected by the projector 112 
are superimposed on a screen 113. Each of the pro- 
jectors 111, 112 has an LCD panel as shown in FIG. 
6 and projects an image displayed on the LCD panel 
onto the screen 113. 

A color video signal VI (see FIG. 25A) is supplied 
from an input terminal 114 to the projectors 111, 112. 
In each of the projectors 111, 112, the supplied color 
video signal VI is decoded into three-primary signals 
that are then supplied to the LCD panel. For optically 
shifting the pixels horizontally, a delay circuit 116 for 
delaying the supplied color video signal by an amount 
corresponding to the shift of the pixels is inserted in 
a video signal line connected to the projector 112. 

A decision signal O/E which indicates whether 
the present field is an odd-numbered field or an even- 
numbered field of the color video signal VI is supplied 
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as a vertical enable signal VEN to the projector 111. 
The decision signal O/E is inverted by an inverter 117, 
and supplied as a vertical enable signal VEN to the 
projector 112. 

In each of the projectors 111, 112, the LCD panel s 
writes image information in the pixels when the vert- 
ical enable signal VEN is of an w H a level, and holds the 
written image information when the vertical enable 
signal VEN is of an "L" level (LCD noiseless mode). 

Therefore, the projector 111 displays only odd- w 
numbered fields (see FIG. 25B) and the projector 112 
displays only even-numbered fields (see FIG. 25C). 
If the image projected by the projector 111 is as 
shown in FIG. 1A, 2A, 3A, or4A, and the image pro- 
jected by the projector 112 is as shown in FIG. 1B, 2B, 15 
3B, or 4B, then the combined image displayed on the 
screen 113 is as shown in FIG. 1C, 2C, 3C, or 4C. 

Use of the two projectors 111, 112 doubles the 
brightness of -the combined image displayed on the 
screen 113. * 20 

If an image signal for a left eye is supplied as odd- 
numbered fields to the projector 111 and an image 
signal for a right eye is supplied as even-numbered 
fields to the projector 112, and the planes of polariza- 
tion of rays of light that are projected by the respec- 25 
tive projectors 111, 112 lie perpendicularly to each 
other, then a three-dimensional image can be ob- 
served on the screen 113 by the viewer using pola- 
rized glasses. 

As shown in FIGS. 26 and 27, the LCD panel 10 30 
may be replaced with a CCD imaging unit 200, the 
viewer 1 with a subject 2, and the eyepiece 31 with 
an objective 201, with light traveling in the opposite 
direction, and the optical path may be changed or 
shifted in the manner described above, for increasing 35 
the resolution of an image that is produced by an im- 
aging apparatus such as a CCD camera. 

FIG. 26 shows a CCD camera which corresponds 
to the arrangement shown in FIG. 5. 

FIG. 27 shows a CCD camera which corresponds 40 
to the arrangement shown in FIGS. 15 through 17. 

In the CCD camera shown in FIG. 27, the polar- 
ization plane rotator 71 and the biref ringent plate 72 
are switched around because the light travels in the 
opposite direction. 45 

if no space is available between the objective 
201 and the CCD imaging unit 200 in FIG. 27, then 
the polarization plane rotator 71 and the birefringent 
plate 72 may be positioned between the objective 2 
and the objective 201 . so 

In ordinary CCD cameras, the number of pixels of 
the CCD imaging unit is selected to match the inter- 
laced scanning of video signals. Therefore, ail the pix- 
els of the CCD imaging unit may be handled as the 
pixels of one field, and the pixels may be optically 55 
shifted vertically in the manner described above to 
apparently make the number of horizontal scanning 
lines twice that of NTSC signals, thereby producing 



an image signal according to high-definition televi- 
sion (HDTV) standards. 

Still images which are not required to be shifted 
in every field may be processed using an optical de- 
flector such as a VAP. 

Still images having a high resolution may be out- 
putted using a printer or displayed on a HDTV moni- 
tor. 

FIG. 28 shows, in block form, a recording and re- 
producing apparatus according to the present inven- 
tion, with a camera combined therewith. The record- 
ing and reproducing apparatus can record still im- 
ages of high resolution with a CCD camera shown in 
FIG. 26 or 27 and also reproduce recorded still im- 
ages. 

The optical path of light from a subject 2 is opti- 
cally shifted vertically and/or horizontally a predeter- 
mined amount in synchronism with a field or a frame 
by an optical path changer 210 including an imaging 
optical system, and then the light is applied to a CCD 
imaging unit 200. 

A shutter mechanism SHT is disposed between 
the CCD imaging unit 200 and the subject 2. The 
shutter mechanism SHT is opened during at least one 
cycle of an optical path shift because the recording 
and reproducing apparatus shown in FIG. 28 produc- 
es a combined high-resolution still image by combin- 
ing field images of a subject (still image) that are 
sampled at spatially different positions by the optical 
path shift 

The optical path is shifted by the optica! path 
changer 210 in a direction and by an amount depend- 
ing on a drive signal applied from a driver 211 to the 
optical path changer 21 0. 

The CCD imaging unit 200 generates an image 
signal that is outputted in response to a timing signal 
from an output reader 212. The output reader 212 is 
supplied with a shift timing signal from the driver 211 
such that the image signal is read from the CCD im- 
aging unit 200 in synchronism with the shifting of the 
optical path. 

The image signal from the CCD imaging unit 200 
is supplied to an image signal processor 213, which 
processes the image signal into a color video signal 
supplied to a recording signal processor 214. The re- 
cording signal processor 214 processes, e.g., modu- 
lates, the color video signal. 

A change quantity and direction information gen- 
erator 215 produces information ID representing the 
quantity and direction of an optical path shift effected 
by the optical path changer 210, based on a signal 
from the driver 211, and supplies the information ID 
to the recording signal processor 214. The informa- 
tion ID also contains information indicative of now 
many field images are to be combined into a com- 
bined high-resolution still image. 

The recording signal processor 214 inserts or 
adds the information ID in or to a period, such as a 
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vertical blanking period of a color video signal to be 
recorded, other than a main signal interval. An output 
signal from the recording signal processor 214 is sup- 
plied through a recording contact R of a record- 
ing/playback selector switch 216 to a rotary head, 5 
which records the signal on a magnetic tape. 

A recorded signal is reproduced as follows: 

A signal reproduced from the magnetic tape by 
the rotary head is supplied through a reproducing 
contact P of the recording/playback selector switch 10 
216 to a reproduced signal processor 221. 

The reproduced signal processor 221 demodu- 
lates a color video signal from the reproduced signal, 
and supplies the demodulated color video signal to an 
image restorer and combiner 222. The reproduced 15 
signal processor 221 also extracts information ID 
from the reproduced signal, and supplies the extract- 
ed information ID to a change quantity and direction 
information reproducer 223. The change quantity and 
direction information reproducer 223 reproduces in- 20 
formation representing the number of field images to 
be combined into a single still image and the quantity 
and direction of an optical path shift of each of the 
field images, and supplies the reproduced informa- 
tion to the image restorer and combiner 222. 2s 

The image restorer and combiner 222 has a 
frame memory which stores a digital color video sig- 
nal that has been converted from the analog color 
video signal from the reproduced signal processor 
221. The digital color video signal read from the frame 30 
memory of the image restorer and combiner 222 is 
converted into an analog color video signal, which is 
supplied to a display monitor 224 or a printer 225. The 
printer 225 may be supplied with the digital color vid- 
eo signal directly. 35 

The frame memory of the image restorer and 
combiner 222 comprises a memory that can store 
more pixels than the pixels that are sampled in the 
analog-to-digital and digital-to-analog conversions 
per field. Stated otherwise, the frame memory is ca- 40 
pable of a number of pixels corresponding to the max- 
imum number of field images that are to be combined 
with each other. 

Based on the information as to the quantity and 
direction of an optical path shift from the change 45 
quantity and direction information reproducer 223, 
the image restorer and combiner 222 writes each of 
the field images which will constitute a still image 
into the frame memory so as to correspond to their 
spatially sampled positions at the time the field im- so 
age is produced. As a consequence, the frame mem- 
ory stores the information of a still image having a 
greater resolution than the resolution of the CCD im- 
aging unit 200. 

As described above, the still image information 55 
stored in the frame memory is converted into analog 
information, which is supplied to the display monitor 
224 for display or to the printer 225 for printout as a 



hard copy. If the display monitor 224 or t he printer 225 
can display or print high-resolution images, then a 
still image of high resolution can be displayed or 
printed. If the display monitor 224 or the printer 225 
is of low resolution, then the still image information 
stored in the frame memory is decimated and sup- 
plied to the display monitor 224 or the printer 225. 

The recording and reproducing apparatus shown 
in FIG. 28 employs an interlaced-scanning full-line 
imaging unit as the CCD imaging unit 200, and com- 
bines a plurality of field images that have been pro- 
duced by effecting an optical path shift horizontally 
and vertically into a still image of high resolution. If 
the optical path shift is carried out in smaller steps in 
the horizontal and vertical directions, thus producing 
more field images to be combined, the number of pix- 
els is increased by the number of field images to be 
combined, so that a combined still image having a re- 
solution that is more than twice that of ordinary inter- 
laced-scanning images can be produced. 

While the recording and reproducing apparatus 
is shown in FIG. 28, it may be divided into an imaging 
and recording apparatus and a reproducing appara- 
tus which are separate from each other. The image 
signal from the recording signal processor 214 may 
be recorded on not only the magnetic tape but also an 
optical disk, an IC memory, an IC card, or any of va- 
rious other information storage mediums. 

The information ID representing an optical path 
shift may be recorded in a recording area separate 
from the video signal in relation thereto, rather than 
being added to the vertical blanking interval of the 
video signal. 

With the present invention, as described above, 
an optical path between an image display panel and 
the viewer or screen is changed or shifted in every 
field of a video signal for optically deflecting or shift- 
ing pixels, and the image display panel displays im- 
ages that are shifted due to the optically shifted pix- 
els. Noninterlaced full-line images can be displayed 
and observed for higher resolution without having to 
increase the number of pixels of the image display 
panel. 

Since the number of pixels of the image display 
panel is not increased, the vignetting factor thereof is 
not lowered, and hence the image display panel can 
display images with high brightness. In addition, high- 
resolution images can be displayed on inexpensive 
image display panels having a relatively small num- 
ber of pixels. 

Inasmuch as the apparent number of pixels of an 
image display panel can optically be increased hori- 
zontally as well as vertically, the total number of pix- 
els may be four or more times the number of original 
pixels of the image display panel. 

If the principles of the present invention are ap- 
plied to an image display system having a number of 
pixels capable of displaying NTSC video signals ac- 
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cording to the noninterlaced scanning process, then 
it can display an image based on a HDTV signal char- 
acterized by 1125 scanning lines. 

The present invention which allows high- 
resolution images to be displayed on inexpensive im- 
age display panels is applicable to a wide variety of 
display devices including an electronic viewf inder for 
an imaging camera, a projector, a glass-type monitor, 
etc. 

The method of increasing the resolution of an im- 
age according to the present invention can be em- 
ployed in an imaging camera or the like. 

The arrangements shown in FIGS. 12 and 21 can 
achieve an optical path shift simply by effecting ro- 
tational movements without producing large vibra- 
tional noise. 

The arrangements shown in FIGS. 15 and 22 
have a high response speed, can achieve substantial- 
ly ideal light deflection, and is free from mechanical 
noise as they deflect light electrically. 

Having described preferred embodiments of the 
invention with reference to the accompanying draw- 
ings, it is to be understood that the invention is not 
limited to those precise embodiments and that vari- 
ous changes and modifications could be effected by 
one skilled in the art without departing from the spirit 
or scope of the invention as defined in the appended 
claims. 



Claims 

1. A method of increasing the resolution of an im- 
age on an image display system having an array 
of pixels selectively energizable to display an im- 
age composed of pixel patterns in alternate 
fields, comprising the steps of: 

positioning an optical path changer be- 
tween the- image display system and a viewer or 
screen for shifting an optical path therebetween 
to optically shift the apparent position of the pixel 
pattern; - 

operating said optical path changer to 
shift said optical path; and 

displaying the pixel pattern to be optically 
shifted on said image display system in every 
field in synchronism with the shifting of said opt- 
ical path by said optical path changer. 
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image display system out of phase with a hori- 
zontal synchronizing signal of image information 
supplied thereto in conformity with sampled pos- 
itions on the displayed image when the optical 
path is shifted horizontally; and 

shifting a vertical clock signal of said im- 
age display system out of phase with a vertical 
synchronizing signal of image information sup- 
plied thereto in conformity with sampled posi- 
tions on the displayed image when the optical 
path is shifted vertically. 

A method according to claim 1, 2 or 3 wherein 
said optical path changer comprises a refractive 
member, said step of operating the optical path 
changer comprising the step of moving said re- 
fractive member into and out of said optical path 
thereby to shift the optical path. 

A method according to claim 1, 2 or 3 wherein 
said optical path changer comprises a member 
including a region having a different refractive in- 
dex, said step of operating the optical path 
changer comprising the step of moving said re- 
gion into said optical path in alternate fields 
thereby to shift the optical path. 



6. A method according to claim 1, 2 or 3 wherein 
said optical path changer comprises optical 
means for changing the plane of polarization of 
light from said image display system and a bire- 
f ringent member for passing light from said opti- 
cal means therethrough, said step of operating 
the optical path changer comprising the step of 

35 operating said optical means to change said 

plane of polarization in every field so that the 
light whose plane of polarization has been 
changed by said optical means passes through 
said biref ringent member thereby to shift the opt- 

40 ical path. 

7. A method according to claim 1, 2 or 3 wherein 
said optical path changer comprises an active 
prism for passing light from said image display 

45 system therethrough, said step of operating the 

optical path changer comprising the step of ac- 
tuating said active prism in every field thereto to 
shift the optical path. 



A method according to claim 1 , wherein said opt- 
ical path is shifted in one direction by 1/2 of the 
pitch of the pixels and in a transverse direction by 
1/4 of the pitch of pixels of the same color. 

A method according to claim 1 or 2, wherein said ss 
step of displaying the pixel pattern comprises the 
steps of: 

shifting a horizontal clock signal of said 



An image display system comprising: 

an image display device having an array of 
pixels selectively energizable to display an image 
composed of a plurality of pixel patterns in alter- 
nate fields; 

an optical path changer disposed be- 
tween said image display device and a viewer or 
screen for shifting an optical path therebetween 
to optically shift the apparent position of the pixel 
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patterns; and 

shifting means for shifting pixel patterns 
displayed on said image display device in timed 
relation to the change of the optical path by said 
optical path changer. 5 

9. An image display system according to claim 8, 
wherein said image display device comprises: 

horizontal scanning means for succes- 
sively scanning rows of pixels with a horizontal w 
clock signal; 

vertical scanning means for successively 
scanning columns of pixels with a vertical dock 
signal; 

generating means for generating said hor- 15 
izontal clock signal; 

generating means for generating said 
vertical clock signal; 

shifting means for shifting said horizontal 
clock signal in every field out of phase with a hor- 20 
izontal synchronizing signal of the image infor- 
mation in timed relation to the changing of the 
optical path by said optical path changer and/or 
shifting said vertical clock signal in every field 
out of phase with a vertical synchronizing signal 25 
of the image information in timed relation to the 
changing of the optical path by said optical path 
changer. 

10. An image display system according to claim 8 or 30 
9, wherein said optical path changer comprises a 
circular member having a rotatable shaft at its 

own central axis and including circumferentiaily 
alternate regions for deflecting the optical path 
by respective different quantities, said circular 35 
member being disposed across the optical path 
between said image display device and the view- 
er or screen, whereby said rotatable shaft can be 
rotated in synchronism with vertical scanning of 
said image display device to cause said circum- ao 
ferentially alternate regions of the circular mem- 
ber to move alternately into said optical path in 
every field of image information supplied to said 
image display device. 

45 

11. An image display system according to claim 8 or 
9 wherein said optical path changer comprises a 
polarization plane rotator and a biref ringent plate, 
said polarization plane rotator and said biref rin- 
gent plate being arranged between said image so 
display device and the viewer or screen such that 
light from said image display device passes suc- 
cessively through said polarization plane rotator 

and said biref ringent plate in the order named. 

55 

12. A method of increasing the resolution of an im- 
age on an image display system having a pair of 
projectors each having a liquid-crystal display 



device having a matrix of pixels for displaying an 
image in an interlaced scanned process and 
means for projecting the displayed image onto a 
screen, comprising the steps of: 

controlling one of the projectors to display 
only odd-numbered fields of image information 
on the screen; 

controlling the other of the projectors to 
display only even-numbered fields of image in- 
formation on the screen; and 

shifting respective images projected onto 
said screen by said projectors vertically from 
each other by 1/2 of the pitch of the pixels. 

13. A method according to any one of claims 1 to 7 
wherein said pixels are capable of continuously 
displaying the image until next image informa- 
tion is supplied to the pixels, and said shifting de- 
pends on the pixel pattern to be displayed in syn- 
chronism with vertical scanning on said image 
display system. 

14. An imaging apparatus comprising: 

an imaging unit having a matrix of pixels 
for producing an image signal from all the pixels 
in every field in a non-interlaced scanning proc- 
ess; 

an optical path changer disposed be- 
tween said imaging unit and a subject to be im- 
aged by said imaging unit to shift an optical path 
therebetween; and 

actuator means for actuating said optical 
path changer to shift said optical path in a pre- 
determined direction in every field or frame in re- 
sponse to a shock applied to said imaging unit, 
whereby the image signal generated by said im- 
aging unit is free from suffering the shock. 

15. A recording apparatus comprising: 

an imaging unit; 

an optical path changer disposed be- 
tween said imaging unit and a subject to be im- 
aged by said imaging unit to shift an optical path 
therebetween; 

means for controlling said optical path 
changer to shift the optical path in every field or 
frame; and 

means for recording, on a recording me- 
dium, a plurality of field images of the subject 
whose optical paths are shifted by said optical 
path changer and have different spatially sam- 
pled positions, together with information repre- 
sentative of a quantity by and a direction in which 
each of the field images is shifted. 

16. A reproducing apparatus for playing back the re- 
cording medium which has been recorded by a re- 
cording apparatus according to claim 15, com- 
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prising: 

means for extracting the field images and 
the information representative of a quantity by 
and a direction in which each of the field images 
is shifted, from a reproduced signal supplied 5 
from the recording medium; and 

means for shifting the extracted field im- 
ages vertically and horizontally based on the ex- 
tracted information and combining the shifted 
field images into a still image of high resolution. io 
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FIG. 2A 
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FIG. UA 



FIG. UB 
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